A time-resolved spectral analysis for a sample of 22 intense, broad GRB pulses from the CGRO/BATSE GRB sample is presented. We fit the spectra with the Band function and investigate the correlation between the observed flux (F ) and the peak energy (E p ) of the νf ν spectrum in the rising and decaying phases of these pulses. Two kinds of E p evolution trends, i.e., hard-to-soft (the two-third pulses in our sample) and E p -tracing-F (the one-third pulses in our sample) are observed in pulses from different GRBs and even from different pulses of the same burst. No dependence of spectral evolution feature on the pulse shape is found. A tight F − E p positive correlation is observed in the decaying phases, with a power-law index ∼ 2.2, which is much shallower than that expectation of the curvature effect. In the rising phase, the observed F is either correlated or anti-correlated with E p , depending on the spectral evolution feature, and the power-law index of the correlation is dramatically different among pulses. More than 80% of the low energy photon indices in the time-resolved spectra whose E p is anti-correlated with F during the rising phase violate the death line of the synchrotron radiation, disfavoring the synchrotron radiation model for these gamma-rays. The F − E p correlation, especially for those GRBs with E p -tracking-F spectral evolution, may be due to the viewing angle and jet structure effects. In this scenario, the observed F − E p correlation in the rising phase may be due to the line of sight from off-beam to on-beam toward a structured jet (or jitter), and the decaying phase is contributed by both the on-beam emission and the decayed photons from high latitude of the GRB fireball, resulting in a shallower slope of the observed F − E p correlation than that predicted by the pure curvature effect.
Introduction
The physics of prompt emission of gamma-ray bursts (GRBs) remains as a great puzzle. Analysis for a large sample of GRB spectra observed with Burst and Transient Source Experiment (BATSE) on board CGRO reveals that the GRB spectra are non-thermal, well-fit with a smoothly-jointed broken power-law, the so-called Band function (Band et al. 1993) . The physical radiation mechanism fect or empirically incorporating the breaks in the optical afterglow lightcurves, this correlation is even getting tighter (Ghirlanda et al. 2004; Liang & Zhang 2005) . Similarly, the isotropic peak luminosity (L p ) is correlated with E p,z (Wei et al. 2003; Yonetoku et al. 2004 ). The average flux (F ) in a given epoch is also correlated with the E p in the corresponding epoch within a GRB (Liang et al. 2004) . The F − E p correlation suggests that the E p − E iso and the E p − L p correlations would not be due to the observational selection effects (c.f., Nakar & Piran 2005; Band & Preece 2005; Shahmoradi & Nemiroff 2009 ). All the prompt GRB emission models predict E p as a function of both E iso (or L p ) and the initial Lorentz factor of the GRB fireball (Γ 0 ) (e.g. Table 1 of Zhang & Mészáros 2002) . Most recently, Liang et al. (2010) discover a tight correlation between E iso and Γ 0 , i.e., Γ 0 = 182(E iso /10 52 erg) 0.25 . This correlation poses constraints on prompt emission models. For example, the internal shock synchrotron model, the most favorite model for GRBs, predicts Zhang & Mészáros 2002) . Combining with the trivial proportionality of L ∝ E iso , one can find that E p should not depend on L, indicating that the E p − E iso correlation may not be explained in the framework of the internal shock synchrotron model. This paper dedicates to revisit the F − E p correlation and its possible physical origin. The E p of a given burst evolves with time, tracing with the lightcurve (E p -tracing-F ) or evolving as hard-tosoft (Liang & Kargatis 1996; Ford et al. 1995; Kaneko et al. 2006) . Intuitively, the F − E p correlation should be the foundation of the Amati relation, if both are based on the same physical origin. Since those GRBs having hard-to-soft spectral evolution do not have a coherent F − E p correlation, they should violate the Amati relation. However, the current sample of GRBs with both E iso and E p measurements well follow the Amati-relation (Amati et al. 2009 ), regardless of the spectral evolution feature of these GRBs. For example, although the spectrum of GRB 060218 evolves as hard-to-soft (Toma et al. 2007; Dong et al. 2010) , it well satisfies the Amati-relation (Amati et al. 2006) . Therefore, the Amati relation seems to be unrelated to the dependence of F on E p . This gives rise to a big puzzle of the physical origin of the Amati-relation.
It is well known that the GRB lightcurvs are generally composed of some overlapped pulses. An individual shock episode may give rise to a pulse, and the random superposition of many such pulses results in the observed complexity of GRB light curves. As the building blocks of GRB lightcurves, the broad, well-separated pulses are good candidates to reveal the physics of GRBs. The E p evolution within GRB pulses has been extensively studied, especially for the decaying phase of pulses (Golenetskii et al. 1983; Norris et al. 1986; Kargatis et al. 1994 Kargatis et al. , 1995 Bhat et al. 1994; Crider et al. 1999; Peng et al. 2009; Lu & Liang 2010) . While the decaying phase of a GRB pulse might be contributed by the curvature effect of the GRB fireball (e.g., Fenimore et al. 1995; Kobayashi et al. 1997; Qin et al. 2002; Dermer 2004; Shen et al. 2005) , both the temporal and spectral behaviors of the rise phase of a pulse may depend on the dynamics of the GRB fireball, the electron acceleration, and the radiation mechanism (e.g., Kobayashi et al. 1997) . The F − E p correlations in the two phases, if any, should dramatically different, which was shown by Ohno et al. 2009 and Ghirlanda et al. (2010) for some bright GRBs. We here present a detailed analysis on the F − E p relation in both the rising and decaying phases of smooth, broad GRB pulses observed with CGRO/BATSE.
We present our sample and spectral analysis in Section 2. The lightcurves and the E p evolution as well as the F −E p correlation are shown in Section 3. Since the low energy photon index of the Band function is critical to justify if the radiation is from synchrotron radiation, we present the distribution of the low energy photon indices for those spectra having an anti-correlation between E p and F in Section 4. We discuss the possible physical origin of the F − E p correlation (or anti-correlation ) in Section 5. Conclusions are presented in Section 6.
Sample selection and time-resolved spectral analysis
We make use the data observed with BATSE 1 . Kaneko et al. (2006) presented a sample of 8459 time-resolved burst spectra for 350 bright GRBs observed with BATSE. Our sample of GRB pulses are taken from this sample. We download the spectra data from the web site http://www.batse.msfc.nasa.gov/∼kaneko/. We first select bright pulses from the lightcurves of these GRBs. Technically, it is difficult to define a genuine pulse from GRB lightcurves. Flickering and/or superimposing weak pulses make complication to employ a rigid criterion to select our pulse sample. We use the same criteria as that described in Liang et al. (2002) to select our sample. We make time-resolved analysis for these pulses with RMFIT, a package of spectral analysis routines (version 3.3) developed by the BATSE team (Mallozzi et al. 2005 and Preece et al. 2008) . Although the time-resolved spectral analysis for these pulses are present in Kaneko et al. (2006) , we re-do the time-resolved spectral analysis for these spectra by lowering down a little bit of the signal-to-noise ratio (SNR) in each time slice in order to get more slices in both the rising and decaying phases for our analysis. We adopt SN R = 30, compared to SN R = 45 in Kaneco et al. (2006) . We fit the spectra with the Band function (Band et al. 1993) . The reduced χ 2 of our fits are normally ∼ 0.9 − 1.1. Since we focus on the F − E p correlation in both the rising and decaying parts of a pulse, our sample includes only those pulses that are intense and broad enough to make robust spectral fit for at least three time slices in the rising and decaying segments, respectively. We finally get a sample of 22 pulses. The average flux F in each time slide is then derived from the Band model spectral parameters in the 30-10 4 keV band (as done in Yonetoku et al. 2004 and Liang et al. 2004) . Our time-resolved spectral analysis results are available in the online material of this paper.
3. Temporal evolution of E p and F − E p correlation Figure 1 shows the lightcurve with temporal evolution of the E p and the F − E p correlation for the pulses in our sample. It is found that the shape of these pulses are semi-symmetric, slightly different from the FRED pulses usually seen in the GRB lightcurves. This would be due to our sample selection effect since we include only those pulses that the rising part is long and bright enough to make time-resolved spectral fit.
The spectral evolution feature is well classified into two groups, i.e., hard-to-soft and E p -tracing-F . Fifteen out of the 22 belong to the group of the hard-to-soft evolution, including # 647, 973, 1883 # 647, 973, , 2083 # 647, 973, , 2193 # 647, 973, , 2387 # 647, 973, , 3658, 5478, 6397, 6504, 6630, 7293, 7475, 7588, and 7771. The others, including #1625, 1733 # 647, 973, , 1956 of the E p -tracing-flux group. No dependence of the spectral evolution feature on the pulse shape is found.
The observed fluxes in the decaying phases of these pulses are tightly correlated with E p . We fit the F − E p correlation (or anti-correlation) in the rising and decaying parts with a power-law model
, where κ r (κ d ) is the power-law index in the rising (decaying) part. The results are reported in Table 1 . As shown in Figure 1 , although no universal κ d value is found about pulses, the distribution of κ d clustered at ∼ 2.20 (see also Borgonovo & Ryde 2001) . We should emphasize that the large dispersion of κ d is not due to the uncertainty of κ d measurement. As shown in Table 1, even considering the the errors of κ d , the κ d of some pulses confidently deviates ∼ 2. The dispersion of κ d would be physical (see discussion below). The observed flux in the rising phase are either correlated or anti-correlated with E p in the rising phase, depending on the spectral evolution feature. The power-law index in the F − E p correlation in the rising phase, κ r , spans from −4 to 10 without any correlation with the pulse shape and κ d .
It is also very interesting that the E p evolution in different pulses of a GRB may be also different. Two well-separated pulses are observed in the BATSE trigger# 2038. As shown in Figure 2 , the E p evolves as hard-to-soft during the first pulse but it traces the intensity of the flux in the second 3 pulse. The F − E p correlations in the decaying phases of the two pulses are similar. However, they are absolutely different in the rising phases.
Distributions of low-energy photon indices
The F − E p anti-correlation observed in GRB pulses having a hard-to-soft spectral evolution is inconsistent with the expectation of the most favorite GRB model, the synchrotron internal shock model. The model predicts that the low-energy photon index should not exceed -2/3, with the assumption that the optical depth of the shocked material is less than unity (e.g., Preece et al. 1998) . We show the distribution of the best fit α for those time-resolved spectra whose E p is anticorrelated with F in Figure 3 . It is found that 50 out of the 61 spectra (∼ 82%) have a low energy photon index being larger than -2/3. This percentage is only 32% for those spectra whose E p is positively correlation with F . If taking the values of their 1 σ lower limits, we find the two percentages become ∼ 78% and ∼ 19%, respectively. Therefore, the F − E p anti-correlation cannot be explained with the synchrotron radiation model.
Implications
5.1. E p evolution confronting with the radiation models
The E p evolution feature within a pulse is essential to study radiation models of the prompt emission. As shown above, the most common spectral evolution feature in GRB pulses (the twothird pulses in our sample) is the hard-to-soft evolution, in which the peak energy of the spectrum decreases monotonically over the entire pulse (Norris et al. 1986) , and the secondly one (the one-third of the pulses in our sample) is the E ptracking-F (Golenetskii et al. 1983 ). More interestingly, the E p in different pulses of # 2083 even shows different evolution behavior (see Figure 2). Different models may design some kinds of E p evolution. However, it is difficult to accommodate two completely different evolution trends under one mechanism.
The most favorite GRB model is the synchrotron internal shock model. In this model, a GRB pulse is produced by the collision of two relativistic shells, in which the rising phase is related to the dynamics and the physical parameters of the shocked fireball shell and the decay phase is due to the time decay of photons from the high latitude of the fireball, the so-called curvature effect (e.g., Kobayshi et al. 1997) . Most recently, Zhang & Yan (2010, in preparation) proposed that the internal collision may induce magnetic reconnection and turbulence to explain the prompt gamma-ray emission. In their model it is expected that E p is positively related to σ, the ratio between Poynting flux and baryonic flux. Since the magnetic energy is continuously converted to the particle energy during an emission episode, the hard-to-soft E p evolution is naturally expected from their model.
The radiation models discussed above essentially explain the hard-to-soft emission with the decrease of the energy of radiating particles over the emission episode. The E p -tracking-F evolution, however, is hard to interpret with these models, especially for different E p evolution features observed among pulses of a given GRB as shown in Figure 2 and the observed F − E p anti-correlation. The α of more than 80% time-resolved spectra whose E p are anti-correlated with F violate the death line of the synchrotron radiation model.
F − E p correlation confronting with viewing angle effect
It is most likely that the E p evolution and the F − E p correlation are not related to radiation physics. It was also proposed that the broad pulses in GRBs may be shaped by GRB jet precession (Portegies Zwart et al.1999; Reynoso et al.2006; Lei et al.2007; Liu et al. 2010) . The waggle of the GRB jet may result in off-beam and on-beam cycle to produce broad pulses 2 and the E p -tracking-F spectral evolution (Liu et al. 2010) . The observed lightcurve for initial off-beam to on-beam may rise rapidly to trigger our detectors, especially in the case of a sharp-edge, highly structured jet (Panaitescu et al. 1998; Panaitescu & Vestrand 2008) , shaping a fast-rise-exponential-decay pulse and hard-to-soft spectral evolution since the early rising part may be not bright enough to trigger our instruments. This may explain the observed different spectral evolution trends in the pulses of a burst as shown in Figure 2 .
A clear anti-correlation between F and E p is observed in the rising phase of a pulse with hardto-soft spectral evolution, but the power-law index of the correlation is dramatically different among pulses, indicating that no universal relation is observed. This may be reasonable since the emission in the rising phase may be complicated by the dynamics of the fireball, the radiation mechanisms, the jet structure and viewing angle, micro physical parameters, etc. However, one is difficult to expect a clear F − E p correlation from stochastic dynamics of the fireball and particle acceleration process (e.g., Zhang & Mészáro 2002) . Therefore, the F − E p correlation observed in a given pulse, especially for those GRBs with E p -tracking-F spectral evolution, may be due to the viewing angle and jet structure effects, as we discuss above.
In the viewing angle and jet structure dominated scenario, the contribution of the high latitude photons from the fireball (the so-called curvature effect) would be increased in the decaying phase of a pulse and it should dominate the observed flux when the line of sight moves out the jet edge. Therefore, the mix of the on-axis and off-axis contributions may result in a shallower decay slope of the observed F − E p correlation as theoretical prediction. If the curvature effect dominates the decaying phase of the pulses, the expected F − E p relation at late time should be F ∝ E 3 p (e.g., Fenimore et al. 1995; Kumar & Panaitescu 2000; Dermer et al. 2004) . As shown in Fig. 1 , the κ d of most GRBs in our sample are indeed shallower than the prediction 3 .
The α distribution may shed light on the jet structure and radiation physics. Medvedev (2006) showed that spectrum of jitter radiation from GRB shocks containing small-scale magnetic fields and propagating at an angle with respect to the line of sight may vary considerably. The lowenergy photon index may be significantly larger than the death line of the synchrotron radiation, i.e., -2/3. The E p evolution and F −E p correlation may be explained with a combined effect of tempo-ral variation of the viewing angle and relativistic aberration of an individual thin, instantaneously illuminated shell.
F − E p correlation vs the Amati relation
The correlation between the observed flux and E p within a GRB pulse is critical to explore the physics of the observed L − E p and E iso − E p relations (Amati et al. 2002; Liang et al. 2004 ). The L − E p and E iso − E p relations would globally reflect the F − E p correlation within a GRB. Essentially, they are time-integrated effect of the F − E p correlation (Firmani et al. 2009 ). Although the distribution of κ d for the pulses in our sample has large dispersion, it normally peaks at 2. The emission in the decaying phases of all pulses in a GRB should dominate the total emission of the burst since the duration of the decaying phase of a pulse if generally much longer than the rising phase. Therefore, one may observe an F − E p correlation within a GRB or an E iso − E p correlation among bursts, with a power-law index ∼ 2. We illustrate the F −E p correlation within a GRB with multiple pulse in Figure 4 . An F − E p correlation with a power-law index ∼ 2 is clearly seen. Therefore, the L p − E p or E iso − E p correlations should be dominated by the F − E p correlation. As discussed above, the F −E p is difficult to explain with the radiation physics. The L p − E p and E iso − E p correlations thus may not be interpreted with the radiation models. This is consistent with that inferred from the recent discovery of the tight correlation between the E iso and the initial Lorentz factors of the GRB fireball (Liang et al. 2010 ).
Conclusions
With our time-resolved spectral analysis for a sample of 22 intense, broad GRB pulses we find that the E p evolution feature is well classified into two groups, i.e., hard-to-soft (two-third pulses in our sample) and E p tracing-F (one-third pulses in our sample). Two kinds of spectral evolutionary trends are also observed in different pulses of a burst. No dependence of spectral evolution feature on the pulse shape is observed.
A tight F − E p correlation, F ∝ E κ d , is observed in the decaying phases of these pulse. Although the κ d ranges in a broad range, from 0.6 to ∼ 4.0, their distribution normally peaks at ∼ 2, much shallower than that expectation of the curvature effect. In the rising phase, the observed F is either correlated or anti-correlated with E p , F ∝ E κr p , depending on the spectral evolution feature. The distribution of κ r spans from −4 to 10 without any correlation with the pulse shape and κ d . More than 80% of the low energy photon indices in the time-resolved spectra whose E p is anti-correlated with F violate the death line of the synchrotron radiation.
The spectral evolution features and the observed F − E p correlation are difficult to explain with the radiation models. We propose that the observed the F −E p correlation observed in a given pulse, especially for those GRBs with E p -tracking-F spectral evolution, may be due to the viewing angle and jet structure effects. In this scenario, the observed F − E p correlation in the rising phase is due to the line of sight from off-beam to onbeam toward a structured jet. The contribution of the high latitude photons from the fireball(the socalled curvature effect) would be increased in the decaying phase of a pulse and it should dominate the observed flux when the line of sight moves out the jet edge. Therefore, the mixed contributions from the on-beam and the curvature effect may result in a shallower decay slope of the observed F − E p correlation as theoretical prediction.
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